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PANEL DISCUSSION 
TOPIC: "HOW DO YOU FORESEE THE REQUIREMENTS FOR ULTRASONIC STANDARDS 
CHANGING AS NDE EVOLVES FROM A DEFECT DETECTION MODE TO A 
QUANTITATIVE DEFECT CHARACTERIZATION MODE?" 
Tom Cooper, Moderator, Air Force Materials Laboratory 
Ed Caustin, B-1 Divis ion, Rockwell International 
Jerry Gardner, Southwest Research Institute 
Don Eitzen, National Bureau of Standards 
R. Bruce Thompson , Science Center, Rockwell International 
Bill Vee, Convair Aerospace- General Dynamics 
Harold Berger, National Bureau of Standards 
Jerry Posakony, Battelle Northwest 
Tony Mucciardi, Adaptronics, Inc. 
Bill Andre, Air Mobility Lab., AMES Research Center 
Steve Hart, Naval Research Lab. 
Col. Ron Nokes, USAF NDI Program ~1anager's Office, Kelly AFB 
MR. TOM COOPER, MODERATOR (AFML): The topic of our panel discussion is: 
"How do you foresee the requirements for ultrasonic standards 
changing as NDE evolves from a defect detection mode to a defect 
characterization mode?" 
We ' ve heard a number of comments yesterday and today about the problem 
of standards. Our plan for the balance of the day in the panel session 
is to hear from a group of experts who have had considerable experience, 
and therefore, have developed varied opinions on the problem of standards. 
We'll hear briefly from each of them, and then have an open discussion 
where those in the audience are invited to participate. 
I'd like to spend just a few minutes to give an introduction to the 
session. Because I'm only going to allow each of my panel members 
three minutes, I will apply the same rigorous discipline to myself 
and do this very briefly. 
Since most of our NDE methods are comparative in nature, standards 
assume an extremely important roll in our capability to find flaws and 
quantitatively measure their size. Over the years there has been 
considerable effort (including time and money) devoted to the problem 
of developing adequate standards . 
From a simplistic point of view, there are two general categories of 
standards. 
The first kind are those that are used for equipment calibration. This 
is the most common, where we've had most of our experience . The most 
familiar type and those most frequently referenced i n the meeting thus 
far are blocks containing flat bottom hol es for ultrasonic equipment 
calibration. Although the most widely used, it is not the only method 
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for standardization of equipment in the ultrasonic. area. In spite 
of the e~forts over the years in developing adequate flat bottom hole 
standards, you can see t hat we still don't have that area under control, 
based on what we heard yesterday from Don Eitzen. 
Now, in contrast is the second kind, where consistency is even of more 
significance. That's the case of standards for quantitative detection of 
flaw location, size, shape and orientation; in other words, the complete 
characterization of the flaw. There must be consistency not only in the 
preparation of standards, but they have to be accurately calibrated. 
There must be an absolute basis for comparison, not just a comparative 
situation. 
Certainly this is a much more difficult task, and, therefore, the question 
that has been posed for this panel is a very appropriate one. 
Our panel members approach this question from a very wide diversity of 
backgrounds. There are members of the panel that represent the areas of 
research, manufacturing, and application to hardware. We even have a 
gentleman with us who was instrumental in helping develop the flat bottom 
hole calibration standards that are now available. We have Government 
repesentatives includi ng those, hopefully, who will be i nvolved in the 
future in preparation of standards, the National Bureau of Standards. 
So, I think you're going to hear quite a wide variety of opinions as to 
what t he important aspects of this problem are. 
The method of approach for the panel discussion will be as follows: each 
of these experts will be given three minutes to state his opinion as to 
the most important aspect of the question. Their comments are going to be 
concise, illuminating and controversial, intended to spark heated discussion. 
Then, as soon as they have finished, the floor will be open for discussion. 
I would ask those in the audience to make notes on the comments that are 
made and then direct your question or comments to the panel member whose 
point you wish to address. Further, if you want to make general comments 
or direct comments on question to members of the audience, feel free to do so. 
I've used up my three minutes, we will now hear from the panel members. 
DR. BILL VEE (Convair Aerospace): The reference standard is used for two primary 
purposes, as I see it now. One is to calibrate and standardize the 
equipment (e.g. the transducer and the electronics) whether it is ultrasonic 
or eddy current equipment. The second purpose is to serve as a rejection 
or acceptance criteria. 
The first use can be simplified from the present flat bottom hole to some-
thing other than a flat bottom hole. In fact, a flat, parallel plate can 
be used to make sure that. the transducer or the electronics have not been 
degraded. In any case, some method or object is needed to ca librate the 
gain setting on the equipment each time an inspection is performed. The 
gain setting can perhaps be obtained from some signal to noise ratio 
measurement rather than a defect or discontinuity such as a fl at bottom hole. 
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The second purpose, which is for rejection and acceptance criteria, is 
a much more difficult one. First, it is necessary to understand the 
effect of defects on properties. That is, what does the size, shape , 
orientation and location of a defect do for the static or fatigue life 
of a component or structure? And before that can be determined, i t is 
necessary to know how this component is going to be used; that is,what 
specific load spectrum will be applied to it, so you'll know whether or 
not the size and shape of the defect detected will cause failure of the 
component. 
I do not foresee a single type of discontinuity that can be used as a 
universal acceptance or rejection criteria such as the flat bottom hole 
that is being used today. I think we will have to refer to each individual 
shape and size in conjunction with its useage on a given component . 
MODERATOR COOPER: Thank you , Bill. WhY don't you pass the mike over to 
Bruce Thompson of the Rockwell Science Center.2 
DR . BRUCE THOMPSON (Rockwell Science Center ): In reading the question, I 
ask mysel f the purpose of quantitative NDE, and the answer that I came up 
with is "What are the properties of the defect?" I have underlined defect. 
That's what we're really interested in. 
Many of the research techniques that we're hearing about during the meeting, 
and which we hope will come to fruition in the real world in the next· 
few years, are based upon the fact that in order to describe the defect 
we have to obtain detailed information about its scattering; for example, 
the frequency spectrum. In addition, we have to compensate for unwanted 
effects; for example, the transducer response, the material attenuation, 
etc. So ~ conclusion, then, is that the standard should be a block or 
set of blocks with some defects which can be used to verify that the 
operator and the system are correctly functioning to determine the 
properties of the defect. 
How must this be done? We've all seen these concepts before, so I'll just 
go over them very briefly. I am assuming a linear system for the sake of 
this discussion, one that can often be measured in an excitation pulse, and 
an echo. One often talks about Fourier ana lysis of these pulses. Experi -
mentally one might measure some transfer function, that is, the ratio of 
the received electrical signal to transmitted electrical signal as a function 
of frequency. 
Now, in a one-dimensional case you can write down what this ratio is. The 
problem, of course, in any quantitati ve NDE is that mixed in with the 
scattering function of the defect there would be an excitation function, 
propagation function and so forth. 
So, the purpose of a quantitative NDE instrument , I feel, is to enable 
us to make the separation. The standard, then, should be a defect for 
which this information is known so that when it is used in the experimental 
system, you find out whether this response can be separated from the other 
responses. 
Now, in a real solid with a three-dimensional localized flaw, this would be 
more complicated. I don't want to discuss that in my introductory 
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remarks, although I could make some comments later that are not 
appropriate now. What I would like to propose, then, is that standards 
should be a set of defects in materials for which the density, the 
sound velocity, the ultrasonic impedance and the attenuation are well 
known, stamped on the defect or with accompanying materials and for which 
the scattering as a function of frequency and angle is well known. 
The test, then, of the apparatus and the operator would be to take a number 
of these samples which wou ld have different values of these parameters and 
see if the measurements correctly fit the known scattering function. An 
example that comes to mind from the point of view of our laboratory is 
some of the diffusion bonded samples we've seen using since these contain 
different responses. There may well be other examples, too, including 
the plate that Bill Vee discussed. Thank you. 
MODERATOR COOPER: Our next panelist is Dr. Don Eitzen from the Bureau of 
Standards. 
DR. DON EITZEN (National Bureau of Standards): In my remarks I'm thinking of 
standards in possibly a little broader term that includes measurement 
methods to cover such things as transducer characteristics, which, as 
many of the discussions have shown, could be a key part of some of the 
inspection techniques that are envisioned. 
By analogy, it's similar to going from a direct dimensional measurement 
where you start with a go/no go gate (some kind of consistent artifact) 
to actua l measurements by indirect methods. You may end up using inter-
ferometry or something similar. The level of difficulty between making 
a quantitative measurement or simply detenmining whether something does 
or does not have a defect is at least an order of magnitude. 
This is also reflected in some of the ASTM activities where there is 
some concern about instrument linearity. In fact, for many, many inspection 
problems linearity is not necessary. If you're considering a rejection 
criteria, it's probably sufficient to have a monotonic function. That's 
all that ' s really required. A careful measurement, if you don ' t have 
l inearity, you at least want a very well known function. 
MODERATOR COOPER: Thank you, Don. Next is Colonel Ron Nokes from the 
U.S. Air Force, San Antonio Air Logistics Center. 
COLONEL NOKES (San Antonio Air Logistics Center): I think the biggest thing 
that we need from the Air Force standpoint is operator independence. We 
don't have Dr. Woodmansee sitting on top of C-S's inspecting our aircraft. 
Typica lly , our inspectors are high school graduates with six to eight 
weeks of intensive NDI training. Therefore, everything should be operator 
independent; the standards, the ultrasonic equipment and the technique 
or method being used. 
The second point I 'd like to make in hopes that there are some aircraft 
designers in attendance is that we need to have access to the parts. 
That's critical. This is difficult in most cases. 
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If all I have been hearing about the differences in material response 
to ultrasonics is true, I'm really amazed that there's not more 
research being done in metallurgical response. To me this is equally 
as important as signal processing and all the "electronic warfare" 
we've heard about in the last couple of days. 
One other point. As Dr. Woodmansee brought up, ultrasonics is basically 
limited to the outer layer of the splice joint in an aircraft wing skin. 
We're not only interested in that layer; the cracks appear in subsequent 
layers also. 
So, perhaps some work in eddy current or any other NDE technique that 
will allow us to inspect throughout the bore of the fastener hole without 
pulling the fastener (but inspect all layers, not just the first one) is justified. 
MODERATOR COOPER: Our next speaker will be Jerry Posakony from Battelle North 
West. Incidentally, Jerry was with Automation Industries for many years 
and was instrumental in developing the flat bottom hole standards that 
are now available. At some· point during the afternoon he has volunteered 
to review the history of that development. 
MR. JERRY POSAKONY (Battelle North West): I'm going to cover some of that now 
because I think my other comments might be covered by other people. So, 
I'll take off my Battelle hat and put on my manufacturer's hat and say 
the flat bottom hole goes back to the early 1950's when where was a search 
for methods of setting up equipment to Air Force standards. The objective 
was to establish acceptance-rejection criteria for manufacturers of raw 
material. 
The flat bottom hole was the obvious choice because everybody knew how to 
make a flat bottom hole, and, obviously, it was a good target for a reflector. 
The material was carefully chosen by Alcoa as being a material that would 
always be available, easily reproducible and which had the properties that 
we wanted. It had reproducible attenuation, etc. The result was a block 
of material which has never been duplicated. Efforts to get Alcoa and/or 
other aluminum manufacturers to reproduce this same material have been 
unsuccessful, irrespective of price. We at times would offer to buy 10,000 
lineal feet of material, and they said, "No, that's not a big enough lot, 
and even if it was we couldn't guarantee the material property." 
So, it really turned into a dilemma. The dilemma got worse when ASTM 
E-127 finally described how to make a flat bottom hole and the control 
limits required. Although everyone made flat bottom holes in accordance 
with this standard, the result was still just as bad as before. The one 
thing that they neglected in ASTM E-127 was to insure that the manufacturer 
be required to meet a specific ultrasonic response. As a result, when it 
became evident that there were going to be large buys by the Air Force or 
other service organizations, all that was needed to meet the specification 
was to have a caliper that was traceable to the Bureau of Standards and a 
drill press, and you could meet the specification. You could respond to a 
DOD buy order, and this did happen. 
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As a result there was no requirement for the ultrasonic response. 
recall many times the DOD inspector would come in and would say, "Where 
are your calibration blocks? How do you trace this back to the Bureau 
of Standards? And what is ultrasonics?" 
Therefore, we have caused much of our own problem. I would say that 
this is not only in the area of aircraft. Of course, in some of the 
steel industries , side-drilled holes are used as references--and I call 
them references, not standards. I don't believe they are standards. I 
believe they are strictly ultrasonic reflectors representing a certain 
response from a pulse echo system. 
With that I'll turn this over to Dr. Gardner. 
~10DERATOR COOPER: Our next pane 1 member is Dr. Gera 1 d Gardner from 
Southwest Research. 
DR. GERALD GARDNER (Southwest Research Institute): I want to focus on a 
re latively narrow part of the problem, as I foresee it. I would first 
like to hark back to Bruce Thompson's presentation which I think is an 
ideal situation devoutly to be wished, but one which is not likely to 
be consummated for the near term. I suspect that i t will be at least 
five years, at least five years, before the approach whi ch he describes 
can be carried forward into the field on any practical basis. 
One thing that I want to address is the question, "What do we do in the 
interim" because the problem is an extremely intense one even now. We 
already have codes; for example, the bore and pressure vessel code which 
has in it a sizing requirement. No one qu ite knows how to meet it, but 
it's there. 
Of course, there are other cases as well, whether there exists a code 
or not, where one needs to be able to size a flaw. In the case of the 
Air Force, the surface fatigue crack in a simple structural aluminum 
member constitutes a case of extreme current interest. 
So, I would like to think about the question of what do we do until 
Thompson' s idylic situation comes about, particularly with regard to s1z1ng 
flaws by the more or less traditional approach of transferring the response 
from some sort of reference flaw, if you will, to the natural case. 
I'd li ke to restrict my remarks to fatigue cracks and point to some 
of the difficulties that already are known to exist. 
We know from a previous presentation that NBS is studying even now how 
one might go about making reproducible, or reasonably reproducible, 
reference f atigue cracks . I would like to suggest a pitfall here, and 
that is that even if we could make such reference specimens (and I don't 
think that we can at this time), there is a serious question that they 
will serve the purpose that I have in mind, namely that of serving to 
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size flaws that actually occur in structures even if you duplicate 
the material reasonably well. 
The basis for this remark is the experience which we at Southwest 
Research Institute and many others have had--our experience is by 
no means unique--with cracks which are nomina lly identical. I mean 
they were grown in the same material; they're grown in the same manner, 
the same orientation, to nominally the same size and with a post-fracture 
check to see that they, in fact, were of the same configuration and 
size. Those nominally identical cracks do not, in fact, have nominally 
identical ultrasonic responses. 
I submit that this is a problem that has not been adequately studied, 
that the whole drift toward the emergence of true fatigue crack standards 
or references for the purpose of estimating the sizes of those that occur 
in actual structures may be loaded with disaster as a practical matter. 
MODERATOR COOPER: Okay. Thank you very much, Gerry. 
Next we'll hav~ Harry Berger from the Bureau of Standards. 
I~R. HAROLD BERGER (Nation a 1 Bureau of Standards): I don't know whether I ' 11 
defend the fatigue crack work or not after Gerry's statement, but I think 
much of what he says is certainly valid. The only comment I would make 
about the fatigue crack work at NBS is that we're really feeling our way 
to see if we can, indeed, characterize these cracks in some reproducible 
manner. I would emphasize that there' s really no intent right now to 
start selling well-characterized fatigue cracks or getting these out so that 
people think they are representative of real defects. 
Let me go ahead with some of the other comments that I have prepared for 
this panel. Some of them have already been mentioned, wh ich I guess is 
not surprising. 
I would like to agree with Jerry Posakony's remark that the word "standards" 
means different things to different people, and we should use it a bit 
warily, certainly in the context of this panel. We're starting to talk 
about actually trying to measure the size of defects, but there are many 
elements that go to make up a nondestruct ive testing measurement system. 
One of them, obviously, is the physical piece of metal or whatever that 
we use to ca librate the system. That is the one that most of us seem to 
be talking about here today on this panel. But there are many other 
elements that go into that measurement system. Don Eitzen alluded to 
that briefly in tal king about some of the characteristics of the 
instrumentation. That certainly has a big bearing on the kind of response 
that the system is going to give you, and I think we really have to talk 
about all of these aspects that go to make up the measurement system. I 
would include the calibration test block that we've been talking about 
here; I would include the instrumentation; and we obviously have to 
include the transducer, which is the heart of the whole system. 
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I think we'd also have to include something that would be akin to an 
ASTM recommended practice, namely, a procedural document as to how you 
go about making the measurement in some recommended fashion. And, of 
course, Ron Nokes brought up the problem of the people. We can't shut 
our eyes to the fact that there are going to be people operating these 
systems. So, even the idea of personnel certification and training has 
a strong role in this system of making quantitative nondestructive testing 
measurements. 
As Ron correctly pointed out, we're not going to have the advantage of 
having Dr. Wayne Woodmansee on the hull or the wings. We're really going 
to have people with much less training, with much less appreciation for 
some of the physical factors that go into that measurement. 
The only other comment I'd l ike to make at this point in time is that I 
know t his panel is concerned with ultrasonic measurements. I would really 
like to voice the idea that I would hope as we develop a new family of 
standards, if I can use that word, that whatever we come up with, ideally 
should lend itself to more than one nondestructive testing technique . 
It would be very nice , for example, if we could develop some calibration 
system which would calibrate the test system itself , whether it be ultra-
sonic, radiography or whatever. Now, that's obviously a utopia. We should 
at least strive in that direction. 
At the very least I think those of us in the nondestructive testing community 
should use the tools in our own arsenal as fully as possible. And I would 
illustrate that point in regard to the titanium test blocks that Rockwell 
is making for ultrasonic scattering work. I think it would be desirable, 
for example, to characterize those as completely as possible by the other 
nondestructive testing tools we have. Penetrants, for example, could be 
used to look at the bond line on the surface. Radiography certainly could 
be used to help assure that proper orientation of the two faces was 
really done correctly, and for the sizes of the materials that Neil Paton 
was talking about yesterday, radiography would certainly apply very well. 
If you want to go further and get pretty far out, you could even paint that 
surface with some contrast agent which would make it more readily visible, 
either on an x-ray radiograph or a neutron radiograph. 
Thank you. 
MODERATOR COOPER: Thank you Harry. 
Our next panelist is Bill Andre. Bi ll is with the Army Air Mobility 
Office at NASA's AMES Research Center, Moffett Field. 
DR. BILL ANDRE (AMES Research Center): I'm not claiming to be really an expert 
as the Chairman professes that we all are. But, I would like to offer a 
few comments to you gentlemen since you represent a very large cross-section 
of the industry. These comments are based upon our experience at the 
combined Army and NASA Air Mobility Laboratory. 
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First of all it is important to mention that NDI technology is 
interesting in that it classically is not a driver of design. This 
is the source of many of our problems. To give you an example, there 
already is a group in this world that has just the opposite philosophy, 
the Soviet Union. They treat it almost as an engineering discipline. 
They graduate engineers with NDI or NOT degrees. I think it ' s a very 
interesting point to make when we talk about standardization, because 
they look at it from 180 degrees out of phase from our situation. I 
think we, being firefighters in this country are a little bit at a dis-
advantage in attempting to develop standards using that kind of philosophy 
towards a nondestructive testing inspection. 
Another comment I'd like to make is to suggest the idea that you possibly 
might want to consider a couple classes of standards. That might be very 
useful to us. One class might be oriented more towards the design and 
production of materials which may provide an ounce of prevention in 
terms of being able to inspect parts before they're glued or zipped 
together. Another standard for inspection might be oriented very much 
towards the kind of problems that Col. Nokes mentioned. You don't want 
to look down the barrel of a gun if you know there's a bullet in there. 
If it's in there and you can't get it out , you don't want to look down there 
but you've got to do it to see what's going on. That's what you're up 
against in an aircraft when it's all zipped up. Rotor blades stand out 
very vividly in my mind. Several people have gotten killed because we 
haven't been able to properly inspect the blades . We didn't even have 
any standards. A third item would be along the lines that standards are 
very much driven by requ i rements in the different applications of the equip-
ment you ' re trying to inspect. For example, aircraft standards might be 
very much disoriented from standards for the medical profession. 
I'd like to conclude my comments by giving you an example of material s 
other than metals to consider. I'll mention the kind of problems we have 
and hope you might, in the near future, be able to offer some solutions. 
I now wish to list several of the advanced design concepts we are 
addressing: damage tolerant control systems, which would make aircraft 
more survivable. We have got new materials there, but not necessarily metal. 
We need to know how to inspect them; we have no standards. 
Advance composite shafting is being installed in new aircraft . We are 
considering it for possible application to UTAS and AAH. Tubular spar 
rotor blades, advanced fuselage structures of all different sorts of 
composites are being considered. They all are very much lacking in standards. 
We don't know how to characterize a flaw in these materials. We know 
we're going to be living with flaws, because you can't make them perfect. 
So, the question is: Where do you draw the line? 
Another area is RPV's. We've gotten into this business lately and 
they're made out of an all Kevlar structure. We have no plans at present, 
because of budgeting limitations, to even look at the NDI of that aircraft . 
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We're just lucky that it's small and non-manned. I think t ha t's the 
rat ionale for not looking at NDI. 
Another example is that of a tactical helicopter all composite 
tailboom. We're looking for NDI ideas. We would like very much to be 
able to say with some degree of surety where we stand. 
The last example is a new concept of composite rotor blades that will be 
coming on the line. You won't see any more metal rotor blades. So, you 
won't be looking for cracks in meta l, you'll be looking for cracks in 
filament, disbands in composite materials. 
I think that these kinds of ideas need to be considered when you talk 
about standards because you want to be careful you don't have to narrow 
a scope of view when you're developing your standards. They should tend 
to be rather generic and widely used in their application. Thank you. 
MODERATOR COOPER: Thank you very much, Bill. 
Our next panelist is Dr . Tony Mucciardi from Adaptronics. 
OR. TONY MUCCIARDI (Adaptronics, Inc.): Subjectively, people can look at three 
different things: Rare , medium and well done, and you can go to five 
things without much trouble. There' s medium rate, medium well, and there 
are some that feel they can actually get seven in there. I don't recall 
what the other two are. But that's about pushing the limi t of things, 
seven. 
It seems to me that to present to an operator a very complicated display 
is really pushing the state-of-the-art a little bit too fine. There's 
more than seven things there, and to focus in one thing, namely , amplitude, 
it then puts the burden back on the reference standard. So, we're kind of 
in a closed loop . As the comment was j ust made we're five years away, 
at least, from a good reference standard, and so where are we? 
The other comment that was well made by Gardner is that for two cracks 
that are virtually identical, you get different signatures. So, where 
might you be? 
The approach that I would like to suggest is that we have to augment the 
information that the operator is given by a little bit more processing. 
He does have some processing now, namely, a set of electroni cs which does 
produce a display for him. But in addition , I think that there is 
one more piece of information he might get. 
Now, one way to help would be to synthesize some sort of a quantitative 
defect situation. What would be required would be a set of references. 
But, I'm greatly relaxing the conditions on these references to say only 
that they are vaguely the same material. There's some defects in them 
that are known. In fact, their geometry can be used to synthesize this 
thing. When all the shouting is done, what goes on, from the operator's 
point of view, is that he i s provided with one more piece of information , 
namel y, a quantitative estimate of this unknown geometry. And to do that 
fairly simply, all that is required i s a small processor which has three 
tasks. 
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It basically provides the operator with an enhanced view of what he's 
seeing. This can be done by appropriate time gating and signal averaging 
techniques. So, one advantage of taking this input and splitting it in 
two places is that what the person does get to see is a better view. 
The second thing it has to do is to take into account the information coming 
in and put it in a form that it can use, namely, the parameters that the 
signals are seeing. Thirdly, it either is in a mode in which it's 
synthesizing a defect class i fication scheme or in an inspection mode when 
it ' s providing this information back to the operator. 
So, therefore , the operator, as he goes about his inspection process, can 
then balance intuitively the enhanced view that he has and weight that 
against the quantitative estimate of the flaw he gets. So, potentially 
the same "crack" would appear very differently in this kind of a scheme 
versus the present system. 
MODERATOR COOPER: Thank you very much, Tony. 
Our next panelist is Steve Hart from Naval Research Lab. 
MR. STEVE HART (Naval Research Lab.): Thank you, Mr . Interlocutor. 
We seemed to be talking all day yesterday and most of today about 
essentially small flaws and defects, targets which are smaller than the 
diameter of the ultrasonic beam in which case we have very little 
chance, if I can coin a word , to size the defect. 
If you would take a f lashlight and try to outl ine something on the wall 
that is smaller than the size of the flashl ight beam, you would have a 
hard time doing this. I see the same problem in ultrasonic estimation 
of the sizes of reflectors which appear on the screen. 
When people tal k about ultrasonic calibration it really makes the hair 
s tand up on the back of my head. I t hink several other people have at 
least intimated a similar thought. The idea of using some kind of arti-
ficia l defect as a calibrator is j ust about the most dangerous thing that 
we can do. There are just too many different variables that go into making 
up the reflection factor of any given target. 
I think that probably, in looking farther in the future, we're going to 
get precision in ultrasonic estimation of sizes and shapes of defects 
only when we get into some form of imaging process. Until we can actually 
bring up on a screen somewhere some sort of a representation of our flaw, 
I'm very pessimistic about ever being able to actually estimate the ~ize. 
If we have an imaging sys tem, we won't need standards. We don't need 
standards for an optical microscope. You just take what the manufacturer 
says is the magnification factor, and if you want to check it, you can put 
in a little microscope slide with a millimeter scale on i t and check it 
out. And if you have an imaging system I think the only thing you need 
is something like that , or perhaps a resolution checking device of some 
sor t which would probably depend on how you want to use the system. 
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MODERATOR COOPER: Thank you very much, Steve. 
Our next panelist is Ed Caustin from the B-1 Division of Rockwell. 
Now, that Steve has told us there just isn't any way to get standards, 
Ed, who's responsible for quality assurance and NDE on the B-1, is 
going to tell us what he's going to do about standards for the B-1. 
MR. ED CAUSTIN (Rockwell International B-1 Division): I want to point out 
one thing. I may not qualify as an expert, but I do qualify as a delegate 
from the real world I keep hearing people alluding to here, and I don't 
let a few people here in the room forget it. The other thing is those 
of you who know me know I have an opinion about anything, or everything. 
The third thing is there's no question about it, I can be controversial. 
So, with that let's go. One thing Col. Nokes should know, he uses, he 
said, high school students and young people to i nspect airplanes. I don't 
know where he thinks we get the kind of people we use to build them, but 
it's the same type. And the government has given us one other thing, 
and that's the equal opportunity requirement. 
The thing that I'm looking for now in building aircraft or doing our job 
in NDE is the fact that we have to have the equipment that does the 
quantitative evaluation. We 're doing quantitative evaluation today, but 
it's all done by the man or specialist using standards that he has made. 
So, we do have a lot of these kinds of standards. People talk about a 
family of standards. Belive me, friends -- and I know at General Dynamics 
and all of us in the aircraft industry have used it-- if we sent our 
standards to Col. Nokes to inspect hi s airplane, he'd have a little bit 
of a problem. Those are the kind of standards that we use today to 
evaluate and quantify whether we accept or reject . That's factual. 
Unfortunately, it sounds like we're trying to design a horseshoe before 
we've got a horse designed. What we have to have is the equipment that 
does the quantitative analysis. It could be different for the medical fie ld 
than what we use in the aircraft field, but it will have to have a variety 
of capabilities built into it. 
What I think we need is not a batch of samples, but just one or two standards 
that allow the operator to set up. What does that standard have to do? 
It must functionally check the total system, including the transducer and 
all electronics. It has to check all those parameters you're concerned 
with, such as range or gain, sensitivity, its response, whether it • s 
linear or not. You may not want a linear response on this new equipment; 
you may want a special type of taper or logarithmic response. You don't 
know that yet, but it has to have that capability. It has to be useable 
by all of us. In other words I have to be able to use it with anybody 
that works with us or any equipment that I use and any equipment that he 
uses. It has to be able to coordinate our results. We're getting the 
same information, the same answer. 
And last but not least, it has to be reproducible. Just to have one 
to ship around the country isn't going to solve the problem. I certainly 
don't want to ship around anything to ever user in the field and supplier 
that's working on the program. Thank you. 
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MODERATOR COOPER: Thank you, Ed. 
Well, you've heard the panelists. They've had their say; now it's 
your turn. The floor is now open for discussion. 
Yes sir? Please identify yourselves. 
DR. JOHN WHITE (Westinghouse Research): 
I would like to make one comment, and that is that i f you're going to 
have quantitative NOT and rely on a reference standard of the sort 
that we're speaking about, I think you 're going to have to specify a 
lot more than just that standard. You have to specify, among other 
things, the couplant that i s to be used; you have to specify the cable 
length; you have to specify the temperature . 
I've heard very few people mention the difference in temperature, but 
we ' ve found at least 60 percent variation in ampl itudes based on the 
temperature at whi ch the test is made, and there are three or four reasons 
why that's so. 
So much for that comment. There are at least two people on our panel who 
are experienced with the electronic reference. I'd like to address the 
question to Steve Hart and Jerry Posakony. What do you think the future 
of that sort of reference might be? 
MODERATOR COOPER: Who wants to answer first? 
Steve, how about you. 
MR. STEVE HART (Naval Research lab): 
I don't really want to, but I see I have the microphone here. Some of 
you may know that we have been working on trying to develop an electronic 
standard. What we tried to do w~to develop a transponder which would 
take the transmittal signal from the ultrasonic unit transducer, massage 
it, send something back which would give a signal which would be the same 
amplitude as, say, a number 5 hole, or whatever we wanted to set into it. 
We found out that we just didn't have the electronics to compensate for 
all the variables that were possible. The question came up, "Do you use 
a large transducer or a small one in your transponder?" or "How much 
difference is it going to make that the transducer in your transponder 
device may be a somewhat different frequency from the one that's in the 
ultrasonic unit?" 
So, in answer to John's question I'm very pessimistic about an electronic 
standard. We have gone to the point of using this same device simply as an 
instrument checkout device to find out whether it ' s got linearity, whether 
its horizontal sweep is linear and what its resolving power characteristics 
are. 
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But an electronic cal ibration device doesn't i nclude the whole system. 
The Russians have one built into one of their scopes which puts the 
signal in as a receiver force. I think Don Cosgrove 's Linacheck works 
that way. It's not complete. 
Well, as I said before I'm pessimistic. 
MODERATOR COOPER: Jerry, would you like to comment? 
MR. JERRY POSAKONY (Battelle North West): As an ultrasonic reference, the 
electronic test block has, as Steve suggested , just too many variables 
for whi ch it cannot compensate. It can't compensa t e for frequency, can't 
compensate for sound beam distances, etc. etc. As a result, I don't think 
it is an appropria te solution for the present dilemma of what are we going 
to use for an ultrasonic reference. 
Now, with respect to checkout of instrumentation where you are not looking 
at system performance, but establi shing certain performance criteria 
namely, is your electronic system up to its proper sensitivity, is it 
responding in accordance with that correction curve or the sensitivity 
distance amplitude curve, does it give the same performance day to day), 
an electronic calibration instrument can be used. But this is strictly 
for the checkout of the electronic device and not the checkout for the 
system performance. 
I think our problem today is the total sys tem performance. Step one 
might be an electron i c calibration signa l simulator which would tell you, 
first of al l, if your electronics are working. Then take step two and 
some sort of an addition onto that. 
I believe t hat we have to take a step backwards to get a simpl er device 
for determini ng system performance and then add on some type of trans-
ponder signal simulator which would provide a system performance. I 
don't have a view yet of what it ' s going to be. But I think we've got 
to go backwards first. 
MR. STEVE HART (Naval Research Lab): I'll show you one at the end of the week. 
Stop by. 
MR. POSAKONY (Battelle North West): Okay. I 'd be delighted to see it. 
MODERATOR COOPER: Okay. Yes, sir. 
DR . ED VAN REUTH (ARPA): When you say an electronic sampl e standard, are you 
including a microprocessor wi th memory and logic? 
MR. STEVE HART: That's what you would probably have to have if ,you were going 
to do it as a calibration device. You would probably need more than a 
mi croprocessor. 
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MR. POSAKONY: I think you'd need a macroprocessor. That comes back to some 
of the things that Tony was talking about of setting up some sort of 
a bank or reservoir of signals that you would characterize back and 
forth and try to say, "This looks like such and such". Therefore, 
we could scope into what the actual reflection was. But there's an 
infinite number of signals, shapes, and forms that can come back as 
ultrasonic reflections, and we try to characterize those in some form. 
Another point that I think we should readdress, and that's something that 
Steve Hart was talking about. Most of the discussion today has been about 
small reflectors, but there's an awful lot of inspection done on materials 
containing large refl ectors where you're talking about things t hat are much 
bigger than the sound beam, cracks that are two and three inches long. 
An exan:ple of this is shown in some of our highways and railroad bridges. 
I looked at one the other day. The crack was 14 l/2 feet long. That's 
pretty =~sy to see. As a matter of fact you cou ld put your hand into it. 
MODERATOR COOPER: Yes, sir, up in the back. 
DR. JIM SEYDEL (University of Michigan): Some of the problems that you have 
been addressing--this is sort of a to whom it may concern, whoever wants to 
take it- - some of the problems you have been addressing could be solved by 
automated systems, but not necessarily by automated systems only. I 
wonder what your viewpoints are on a manual system versus automated system 
for both detection and characterization, or separately, however you want to 
treat it? 
MODERATOR COOPER: Bill, you want to try that? 
DR. BILL YEE (Convair Aerospace): Let me offer this view to you, Jim. We 
are starting to inspect graphite composites right now on the production 
line at GO. And naturally, we do not know at this time what size of 
reference standard to use to set the gain as an acceptance or rejection 
criterion. 
We have a computeri zed syst em in the lab. One way we are thinking about 
approaching th i s problem r ight now is set the gain at a very high sensi-
tivity level so we can detect everything, not necessarily defects, but any 
discontinuity i ncluding the size of fiber. Because the computer can record 
the signa l and put i n a memory, you can reproduce it at a later time (like 
right after your in i tial inspection) at any gai n setting you want. You 
can then print out a C-scan recording at many of these gain levels until 
you find one that possibly matches some reference that the designer set 
down as the size of defect that is unacceptable. 
As you know, the size you see in the C-scan recording will change with the 
gain setting. So, with a computerized system you don't necessarily need 
an initial reference standard size. That's why I wa s suggesti ng that 
all you need is a flat pl ate to make sure that the transducer and the 
electronics have not drifted or changed due to aging or any type of degrada-
tion. You then set your gain at a very high level, inspect it and record 
everything. Then it can be displayed at a later date to some gain level 
that matches the size and shape of the defect that the designer set down 
as a rejection size. 
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MODERATOR COOPER: Dr. Pao? 
DR. YIH PAO (Cornell University): I have listened to the different panelists. 
I'm a little bit confused about this flat hole standard. It seems 
to me we are using this flat bottom hole standard to do two things . 
One is to calibrate the nondestructive testing system, preferably with 
Ermolov's ultrasonic system. That involves the transducer, electronic 
systems, the material properties and so on. The second is to use it as a 
simulated crack in a given material. 
I'd like to speak to the second part first. According to one of the 
panelists, he already said he would take two a~most identical cracks, but 
you won't obtain two identical ultrasonic characteristics. 
So, it seems to me that if you don't have the same ultrasonic characteristic 
for two almost identical cracks, there's no way to get anything out of 
a flat bottom hole as far as the ultrasonic characteristics of the crack 
is concerned. The flat bottom hole is different from the crack . 
Now, let's talk about the calibration or standard for the ultrasonic 
system. It seems to me that if you want to use a standard, you must know 
everything about the standard. Ultrasonic waves detect two things : one 
is the reflected signal, one is the diffracted signal. Right now, as 
far as I know, the only thing you know everything about is the diffraction 
of scattering incident in a cylindrical hole. 
Experimentally it seems to me we can conduct a good experiment relative 
to cylindrical holes. The previous things mentioned, the side-drilled 
hole used in the steel industry may be more appropriate to test your 
ultrasonic systems for NOT purposes. 
MODERATOR COOPER : Does somebody want to respond? 
MR. JERRY POSAKONY (Battelle North 14est) : First of all, let me clarify one 
point. The flat bottom hole was never intended to be used for characteri-
zation. Its purpose was two-fold. 
Number one, it was to be used for a system checkout to determine if the 
system was operating correctly. Secondly, it was to establish a transfer 
function that would provide an accept-reject criteria. In other words, 
it was to establish a sensitivity level ~~here you set your instrument. It 
was never intended as a device for characterizing a defect. 
DR. PAO: Reject what? Reject influence or reject materials? 
MR . POSAKONY: All of the accept/reject criteria were based on destructive 
correlation of certain signal amplitudes, and we had to rely on this as 
being only a transfer function. So, it was only designed for those two 
items: one, as a transfer function, and two, to check the system 
performance. 
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The side-drilled hole is, unfortunately, too large a refl ector for 
most of the tests that we are performing in the aircraft i ndustry. 
It provides a very long linear reflector, and the signal amplitudes 
are 20 to 40 db above those of a small flat bottom hole. 
MODERATOR COOPER: Incidentally, Dr. Pao, one thing that has come out very 
clearly to me so far is our ability to analyze a cylindrical hole. 
John Cooper from ASD and I have already gotten together and prepared a 
document we're sending to Ed Caustin. The only type flaw he's allowed 
to introduce in the B-1 now is a cylindrical hole. 
MR. LEE CROCKETT (Rockwell International, Space Division): I'd like to 
characterize myself as far from the real world, also. I'd like to make 
several points. 
One point is somewhat defensive of the flat bottom hole. When it was 
developed, it wa s developed primarily for aluminum, or initially, let's 
say, for the inspection of raw aluminum products. And in those days 
there was a pretty good correlation between the type of defect that 
you found in a piece of plate and that flat bottom hole. I say "in 
those days". There still is a reasonable correlation with the bright 
flake that you get in a forging or in a piece of plate and that flat 
bottom hole. 
We've gone a long ways from those days, but I'd like to make that point. 
Secondly, I'd like you to have a picture of my pile of standards. I 
think it wou ld look very much like the pile that Ed Caustin described . 
The point to be made with that pile is the variety of shapes and materials 
that are involved. 
I'd li ke to point out tapering sections of adhesive bonded structures. 
Most of the standards are adhesive bonded standards: tapering sections, 
multi-contoured sections, fa r beyond the type of thing that we have 
talked about for the last two days of simple defects in a piece of metal. 
Here again, the reason for the vari ety is because of the configuration 
of the structure that you're looking at. 
Those are the problems that we face daily in industry. 
MODERATOR COOPER: Good point. 
Yes, sir, up in the back. 
MR. WAYNE STUMP (Atomics International): A couple of things have bothered 
me. One is that , of course, there has to be some cost associated with 
standards. It makes a difference as to what kind of standards you need, 
whether you are doing a single job-shop-type inspection or testing a 
lot of a si ngle item. The point that Harry made just a moment ago is 
very important. There is a lot more value in your standards if you can 
use them fo r more than one test method. I think in some of the discussions 
we're forgetting there are a number of other test methods. 
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One factor, of course, is that if we could control all the standards 
by automating the inspection, for example, to the extent that 
Colonel Nokes desires, we would have a good approach. However, when 
we can't even characterize the defects and determine that one is 
necessarily more significant than another, we find ourselves in the 
position of adding apples and oranges. I don't know if you can get away 
without having a trained operator. I rea l ly wonder if there shouldn't 
be more emphasis on the training. 
COLONEL NOKES {Kelly Air Force Base): I'd like to comment. I didn't mean to 
say that we wanted all automated systems. That 's far from the truth. 
We've got over 200 NDI labs in the Air Force, and when you talk about 
an automated system, you're talking about a significant amount of money. 
No, we can ' t afford that. 
In the equipment that we do buy for our people, one of the first require-
ments is that it be versatile, that it can be used on an F-111, a B-52, 
a B-1, whatever. And automated equipment, real ly, is pretty restrictive 
as to what it can do. Dr. Woodmansee's device is limited to fastener 
holes in a wing, and there, of certain skin thicknesses. 
So, no, we're not pushing all out for automated systems , but 
versat i lity. 
MODERATOR COOPER: Let me exercise my prerogative as chairman and raise another 
question here. 
Several people have commented on the fact that we're limited by the 
capability of inspection people. I wonder whether we need to continue 
to live with that. If inspection and quality and reli abil i ty are that 
important , why can't we upgrade the kind of people that we're going to 
have inspecting airplanes. Why must we continue to live with the lower 
rung of skills levels? 
MR . ED CAUSTIN (Rockwell International, B-1 Division): Old peopl e have a 
habit of dying. 
DR. BILL YEE (Convair Aerospace): Come on, Ed, you' re not that ol d. 
COLONEL NOKES (Kelly Air Force Base): The people that we bring into the 
Air Force as NDI inspectors are, as I said, high school graduates. 
They're a little more than that. They have t o have a general aptitude 
of 50, whatever that means. We're now talking about increasing that 
aptitude skill level to at least 50 in electronics and possibly in 
mechanics, too. Three weeks ago, we sent a letter out to all the major 
commands, including the Air Staff saying "Give us your comments on 
this and we'l l approach the Air Staff." The first letter we got back 
was from the Air Staff itself and it said, "No way can you increase the 
caliber of people you're putting into NDI." Wel l, we haven't made our 
point yet, but there's a lot of pol itics involved in these things, too. 
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MODERATOR COOPER: How about Bill Walker? 
DR. BILL WALKER (AFOSR): I'd like to pose an interesting question. Yesterday 
we heard from the gentleman from the Army concerning the liability 
suit related to the injured GI and the upcoming suit with respect to 
the one that was killed. 
I would like to pose a question to the panel relative to standards, 
or perhaps a lack of standards. Is there a possibility through the 
court system that something may come back to haunt us? 
Any comments with respect to the legal implications that seem to be 
looming on the horizon? 
MODERATOR COOPER: Do we have a lawyer on the panel that would like to 
respond to that one? 
Ed, do you have any feeling for that? 
MR . ED CAUSTIN (Rockwel l International, B-1 Division): Well, my feelings 
are, from what I read about liability, that lawyers will take advantage 
of any opportunity they can . When you haven't recorded something or 
you don't have something to base things on, you ' ve got a weak point and 
a good lawyer will tear you to pieces, and they do it. So, we're stressing 
very highly now in our own operation a good set of records of what we ' ve 
done. I think standards will play a role in it. The fact that we 
standardize equipment or do things to a certain level is important . 
MODERATOR COOPER: I would suggest that, Ron, your next letter to the 
Air Staff ought to cite this experience by the Army. 
Bill Andre, did you want to comment? 
DR. BILL ANDRE (AMES Research Center): Well, I just was recently involved in 
an issue very similar to what you mention. I couldn't help but feel 
we might approach that situation better if we not try to solve the 
entire problem at one time. There are several sources of defects 
which arise . I mentioned earlier that there can be defects in the basic 
raw materials . You can have defects resulting from the manufacturing 
process, and you can have defects generated as a result of load excesses 
on the aircraft itself. I know of all three situations existing. A 
good percentage were in the raw materials themselves, because it's not 
possible to characterize the properties of the material. Being able 
to take a signature of a basic raw material property and keep it and later 
use it, depending on the particular application for which you're manu-
facturing that materia l is a possibility. You could then develop an 
alternative standard or a spinoff from that basic signature. You can 
eliminate a lot of problems because if you, say, buy a piece of titanium, 
someone might want to plasma weld it to make a rotor blade while 
another person might want to make a lifting surface out of it. 
Because of different stresses, different environments, and standards, 
you're going to end up in the same situation if you wait until you get 
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to the final product. You're going to have a whole table full of 
standards to try to correlate all variables at one time, and that's 
a very difficult task. 
You might cut out a piece of the pie by starting with a good method of 
reporting signatures on the raw materials and then let the engineers who 
are developing a particular design come up with a specific TO or somethi ng 
similar that will allow an inspection man to take the next step to 
inspect for the particular application. 
That might solve a lot of our problems. 
MODERATOR COOPER: Good point. 
MR. STELLABOTTE ( Naval Air Development Center) : A number of people have 
alluded to the real world. I think this could be further subdiv ided into 
three class ificati ons. 
We have the manufacturer of raw materials; we have the manufacturers of 
equipment; thirdly, we have those of us who are concerned with the 
maintainability of aircraft and other kinds of equipment. 
It seems t o me that the work that has been discussed for the last 
two days is aimed primarily at the manufacturers of the raw materials 
and not at the problems that we have both in putting the materials 
together to manufacture an aircraft and to look at the flaws that 
develop in this ai rcraft after it's in use . 
MODERATOR COOPER: Maybe Don Thompson could comment on that. Don, I'll make 
you an honorary member of the panel. 
DR. DON THOMPSON (Rockwell International Science Center) : I think that one has to start 
f rom someplace, and that is, of course, manufacturing . I disagree with 
the point that the work i s not aimed at characterization and studies of 
the real flaws and the real world, whatever the real world i s . But the 
important point is that you have to start someplace. You review the 
literature and assemble the necessary tools to put the building blocks 
together to get on wi t h the problems. You have to start with focused 
effort on a limited number of t hings. You have to start building; 
that is what the motivation is . 
Now, hopefully, in two or three years one will be ab 1 e to say, "Yes, 
this is how we characterize and measure a real f law." And I think that 
we'll get there ~lithin that period of time . 
I would like to make one other comment about standards. think 
"standards" means so many t hings to many different people that one has 
to start with a definition of what a standard is and what you can ' t 
do with a standard. It's not reali stic to expect too much out of 
standards. 
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MODERATOR COOPER: Yes? 
PROFESSOR HARRY TIERSTEN (Rensselaer Polytechnical Institute): I'd like to 
ask Dr. Gardner to comment more on the identical cracks and the 
different spectra. Could it be that the cracks were not really identical 
and just appeared identical, or were there different stress patterns? 
DR. GERRY GARDNER (Southwest Research Institute): First, let me take this 
opportunity to say that I was not in any way taking a shot at NBS's 
program, not at all. I used the word "nominally" identical. You set 
up some sort of standard fatigue crack generation and growing experiment 
by placing a specimen in a tensile test machine, load it cycl ical ly 
until you initiate a crack from some sort of starter, remove the starter 
in some standard way and continue to propagate the crack until it has 
grown to some preassigned dimensional surface length. You make a number 
of cracks in identically the same way, that is, "nominally" identically 
the same way, and they grow such that they look the same when you fast 
fracture them. 
In other words, when you pull them apart and examine the surface and 
say, "yes, that crack was of the same size and shape as this one; these 
two were the same." --as closely as you can tell. If you look at a 
statistically significant set of them ultrasonically, using the kind of 
equipment that is currently in use for looking for fatigue cracks and 
for trying to assess how large they are, you will find that those 
responses vary widely, by as much as a factor of two or three in many 
cases. 
PROFESSOR TIERSTEN: Doesn't that imply to you that the ultrasonic equipment 
is detecting more than you are able to interpret in the manner in which 
you're looking at it rather than the other way around? 
DR. GARDNER: Well, I'm not sure that I follow that entirely. 
PROFESSOR TIERSTEN: Well, I'm saying that the ultrasonics are telling you 
there is something really seriously different, and you don't fully 
understand the difference at this point. 
DR. GARDNER: Oh, yes, indeed. 
PROFESSOR TIERSTEN: So, there's nothing wrong with the ultrasonic equipment, 
it 's with the other things that are going on. 
DR . GARDNER: No, no. 
PROFESSOR PAUL PACKMAN (Vanderbilt University): The answer is yes. It 
means you're getting something ultrasonically that you don't under-
stand, but it has more to do with the fact that you don't understand 
anything about the fatigue crack that you 've made. There are many 
things you don ' t know about fatigue cracks. 
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Can I make one comment? Don started talking about them, and like 
a good professor, I looked them up in a dictionary. I found the 
defin i tion of a standard and a reference . A reference means something 
that refers to something else. When Ed says he makes up standards he's 
right. He means just t hat. He makes a comparison measurement that he 
can use to make a judgment upon, which is the definition of a standard. 
But a standard for determining whether or not you can find a crack has 
got to be very distinctly different from a standard for ch~racterizing 
theshape and other features of a crack. I think the problem of making 
a standard to quantify the size, shape and orientation of a crack is 
going to be compounded an infinite number of times compared to a standard 
fo r findi ng a crack,for t he simple fact i s that every singl e f law and 
every type of flaw and every single type of shape is completely different. 
I don't think there's any panacea for making a standard that can be 
used to quantify completely different types of flaws. 
MODERATOR COOPER: Would you like to give that some name other than 
"standard", then? 
PROFESSOR PACKMAN: Well, I think you're using the word standard correctly 
in the sense that you're using it to make a judgment as to whether 
or not the flaw is there. That's the first level of standard. The 
second level of standard i s to have the instrument make a judgment for 
you as to whether or not the flaw is bigger than something you can live 
with. The problem is that you don ' t know enough about the characteristics 
of the defect that will allow you to even make that judgment right now. 
We're making very naive statements here, fo r example, sayi ng that the 
thing that ' s important about the defect is its size. That ' s not 
necessari ly true. 
MR. ED CAUSTIN (Rockwell International, B-1 Division): 
has said that. 
don't think anybody 
PROFESSOR PACKMAN: Well, that ' s what I've heard for two days, the size of 
the defect , measuring its orientation , measuri ng how big a di ameter it is, 
etc., meaning characterization of a defect by definition of size. I don't 
think really that is the big problem. 
You have plenty of non-propagating cracks in these parts. 
DR. BILL YEE (Convair Aerospace): Well, the location is very important. 
PROFESSOR PACKMAN: Right. The location is important and the stress state 
on the crack is very important. In many cases t hat drives t he design, the 
orientation of the crack. 
I think the problems of having a standard to measure its size and having 
a standard to measure the severity of the f law have to be separated. 
MODERATOR COOPER: We need some better terminology . 
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DR. STAN MOSIER (General Electric): I'll put myself in the class of a 
user also, making jet engine parts. 
Within a broad sense of standards, it seems to me that whether we're 
looking for defect detection or f law characterization, we need good 
equipment. I think I've heard that expressed by several of the pane1 
members. 
Dr. Mucciardi ' s data on amplitude correlation with various transducer 
and block variations point out the frustrations of the user today in 
trying to use amplitude. Most of that difference, I think, is because 
of the variation in the equipment we're using. I see very little emphasis 
from this meeting that there is any effort being put into improving the 
systems we've got today. 
I think we can do a lot better job than we're doing with the systems 
we've got if we make them standard and uniform. If we get the equipment 
to do a uniform job time after time, I don't know what we have to make 
the giant step, which is probably five or ten years off, the flaw 
characterization step we're talking about. We have to live in the mean 
time, and I think if we put some effort into the equipment area, we'd 
go a long way in solving some of our problems. 
MODERATOR COOPER: That's a new standard, a third standard, standard equipment. 
Yes? 
PROFESSOR VERNON NEWHOUSE (Purdue University}: I'd like to back that up 
because it seems from what we've been hearing that if you design a 
standard which is intended to simulate a flaw, you also have to carefully 
specify the type of transducer and all sorts of characteristics about 
the transducer that you're using to make your job easier. Now, one 
other thing. The standards will be required for the test systems, also, 
as well as for the simulated flaws. 
One thing that struck me over the last two days is that as our systems, 
that is, the airplanes and so on become more and more complicated, they 
clearly become more and more like living beings. We have a long history 
of design, millions of years of trial and error design behind us. So, 
we might see if we can learn anything about the future in the nondestructive 
testing field by looking at the medical field. 
Now, who is the nondestructive specialist in the medical field? Well, 
he 's called a radiologist. He makes about $60,000 a year. That does 
make it difficult for the colonel, of course, to meet his payroll. He's 
not going to have many radiologists around. We've heard that the Russians 
have started on this very technique. I ' ve had a little to do with 
radiologists and the kind of standards they have. The first thing 
that strikes you (although I'm rea lly doing a little bit out of 
my field here, and I may be wrong) is that at least in one case they 
have huge masses of standards, far more standards than we tend to think 
of. In fact, radiologists have libraries of standards. For instance, one 
particular problem that the radiologist only meets very occasionally is 
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growth retardation in children. How does the radiologist estimate growth 
retardation in children? He takes an x-ray of a hand, and makes some 
statement about the distance between the joints in the fingers, which 
apparently closes up in the adult. Now, how does he make this estimate? 
He has a thick book full of tables and photographs on that very point. 
Then he takes his x-rays, presumably very carefully characterized with 
a gray scale, and looks at that thick book . He comes up with an answer 
saying that this child, who is chronologically fourteen years old is, 
or is not, growth retarded by one or two years. So, he has a whole thick 
book to answer that one question of standards . 
MR . ED CAUSTIN (Rockwell International B-1 Division): Those are references 
he is using. 
PROFESSOR NEWHOUSE: Yes. Well, he is comparing--
MR. CAUSTIN: We had the same thing on castings years ago. Still do. 
A set of references to look at. We don't call those standards. 
PROFESSOR NEWHOUSE: All right. But in any case you ' re going to have a very 
large number of references, if you call them references, fo r every 
different part and every different kind of material. And perhaps a very 
highly paid radiologist equivalent or a nondestructive testing engineer 
or a computer to simulate it to ma ke the final decision. And we have to 
recognize that so far computers have not been able to simulate radiologists. 
DR. TONY MUCCIARDI (Adaptronics, Inc.): I totally disagree with your point. 
Fortunately, you picked a case that I can speak to because I have had 
a lot of experience with radiologists in analyzing breast tumors. It 's just absolutely not true that computers can do infinitely better than the 
radiologists do using the information they use subjectively or using other 
kinds of information. I think that points out the case that one doesn't 
need a mi ll ion things, that in life we have equivalent classes. For 
example, this is a ball point pen, and this is a ball point pen, and that's 
another pen, but they're all pens. Somehow we've learned that there's a 
gestalt or there's something about this thing. It's a pen in any 
orientation, in any way you look at it. 
There are other examples where that's not true. It's a pen because we ' re 
used to seei ng it in any orientation. But if I take some writing and I 
tip it this way, its difficult to recognize because you're not used to 
seeing it that way. There may be certain categories or general classes 
of defect which will have an angular or an orientation dependence. One 
learns to extract the gestalt of this particular defect from a set of 
samples. One can then apply this and categorize. 
On the other hand, there's going to be certain defects for which this is 
very relevant. It doesn't look the same at a different angle. One is 
going to have to develop other techniques for doing that. But I don't 
think its an infinite library of references. I think it's a much more 
general system. For instance, the comments I made earlier and some of 
the other things we've said is an attempt at this. We don't measure PH 
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by using litmus pa.per anymore, we use an 'instrument. Similarly, the 
operator now sees something on a screen~ and that needs to be augmented. 
We don't need an infinite library or an infinite set of samples to do this, 
but we do need some--what's the word I'm supposed to use, standards? 
MR. ED CAUSTIN (Rockwell International, B-1 Division): Yes, standards. 
DR. MUCCIARDI: We do need some samples that contain these things so we then 
can learn what are their properties? What are the characteristics we 
need to look for? What are the things that are relevant and what are 
not? 
MODERATOR COOPER: Did you have a comment on reference libraries? 
DR. GREEN (John Hopkins University}: No, I have a comment between Dr . Newhouse 
and Mucciardi. 
MODERATOR COOPER: Oh, okay. We ' ll take that. 
DR. GREEN: If you're talking about NOT and medicine I've got to get into 
it a little bit. It's because of the bias of being from John Hopkins 
that I look at an NOT operator as sort of a diagnostician just like a 
medical diagnostician who looks at human beings daily. I ' ve got to view 
it the same way. I know in the medical field we're using more and more 
sophisticated instrumentation to help the diagnostician make the diagnosis 
properly and I'm greatly in favor of that. I'm also in favor of that in 
the NOT field. 
But the big problem is that you can't replace a highly skilled operator 
either. You can't take a very sophisticated machine and then have 
an unskilled operator use the machine properly. I think it's unrealistic 
to expect that. 
DR. BILL YEE (Convair Aerospace): I think the audience is totally confused by 
now about the need for reference standards. We have heard the real world 
people expressing the needs today, as well as the needs of the future, 
when we go through a flaw characterization stage from the flaw detection 
stage. Let me say a few things right now for the real world people, 
because I, too, consider myself at least half in the real world. We 
at General Dynamics use several hundred reference specimens just 
like Ed discussed. Even though we have the same material, for example, 
an aluminum alloy, we would need a different reference standard when 
the geometry changed, when the thickness changed. That's because we have 
no ability with the present equipment to compensate for attenuation, for 
macro factors and other very simple things. I believe this audience has 
all the capability and equipment right now to simplify the situation by 
compensating for these variations to minimize the number of reference 
standards we need today. 
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I believe we have the capability to do that now. If we do, we can 
probably simplify and mi ni mize the number of specimen reference standards 
to a much smaller number and can save, really, a lot of money. It 
takes a lot of money to build reference standards. When you need one 
reference standard, you generally have to build ten of them, because 
you find nine or eight of them do not have the exact response you need. 
So, we do spend a lot of money today building reference standards. 
If we can, perhaps, diversify our attention to develop attenuation 
corrections or geometrical factors due to beam spread or some other very 
substantial things like that, I believe we can help alleviate the 
present situation considerably. 
MODERATOR COOPER: Mr. Biddle. 
MR. CRAIG BIDDLE (Pratt/Whitney Aircraft): I do agree with Or. Vee. Several 
of us are either using the systems that he has been involved with or 
other computerized systems. Once we develop methods to make sure the 
instrumentation i s working uniformly piece to piece , from one part of 
the country to another part of the country, you can, in the l aboratory, 
develop the characterization of the materials or the flaws you are looking 
at, program this into the computer, vary it as you get more experience, 
add to it continually and reduce the need for the huge bank of standards 
we are developing. At the same time we must recognize that we will 
never completely eliminate this huge bank of standards because not every-
thing is done automatically; not everything is done with the computer. 
In the inspection of disks at Pratt/Whitney and at GE I know that we 
are both using computerized systems with the help of other manufacturers 
that will eliminate the need for many of these standards . We are doing 
the things that Dr. Vee mentioned, but at the same time you're still going 
to have the operator who is doing a surface wave inspection that's going 
to need the various geometry reference. You're sti ll going to have this 
huge bank until you can automate everyth ing, and you're never going to 
automate everything. 
I had one other comment for Steve Hart. Imaging systems are not going to 
eliminate the need for a reference master. When you make an x-ray you 
can see the size and shape of a defect. But unless you have some sort 
of reference to make sure that you're doing the x-ray properly you may 
not see that defect in the first place . 
MR. STEVE HART (Naval Research Lab): In the case of the x-ray you put a 
penetrameter in the exposure to make sure you get the density range that 
you should get, but that's all you do normally. People now talk about 
IQI's. I'm not a radiographer, so I don't care to go into what the 
differences are. But the IQI does give you, in effect, a resolution 
check. It tell s you whether the system is doing what you want it to do. 
In the case of an imaging system, I 'l l go back to my analogy with the 
optical microscope. If you slide in a microscope slide with a micrometer 
scale on it, that's all you ever do to see whether it ' s working. And you 
could do a similar sort of thing with your imaging system. 
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 MR. CRAIG BIDDLE: But that microscope doesn't al~1ays see the defect either, 
even with appropriate magnification. 
MR. HART: Excuse me. Wait a minute. You're drifting away from the subject. 
We're not talking about detection; we're talking about characterization 
of what we have found. That's a different ballgame all together. 
MR. BIDDLE: Okay. Assuming you've found it and it agrees. 
MR. HART: Your point is well taken. You could easily miss it. 
MODERATOR COOPER: Gentlemen, I hate to cut off the discussion here, but as 
part of my duties as chairman, I was charged with the responsibility of 
trying to summarize what we've achieved in this panel discussion. 
Because we have covered so many things, it would be impossible to 
adequately summarize them in less than thirty minutes. So, if you 
will bear with me I will forget that, because it will only be eating 
into martini time. 
The busses are here to take us back to the hotels. would like to 
thank all the panel members for their excellent comments and would 
like to thank the audience for participating so well . 
I declare our panel session adjourned. 
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